The (6) found that during some steps of RNase E purification, the specific activity decreased and that this decrease could be reverted by adding less purified material to the purified fraction. Additionally, RNase E was found to cosediment with a high molecular weight cell membrane fraction (7). Recently, it has been shown that RNase E forms a large complex in vivo with polynucleotide phosphorylase, a 3' exoribonuclease, and other proteins (8, 9) and that polynucleotide phosphorylase interacts functionally with RNase E to affect its activity (10). Additionally, GroEL, a chaperonin and heat shock protein, has been reported to copurify with an RNase E-like activity (11).
tion is essential for RNA processing (1) and degradation (2, 3) . It is a large enzyme consisting of 1061 amino acids (GenBank accession no. L23942). Its calculated molecular mass is 118 kDa, but it migrates as a 180-kDa protein in SDS/ polyacrylamide gels (4) . Recently , it has been shown that the N-terminal half [498 amino acids (5) ] of the protein is responsible for the endonucleolytic activity.
A series of observations suggest that RNase E is complexed with one or more other proteins in E. coli. Roy and Apirion (6) found that during some steps of RNase E purification, the specific activity decreased and that this decrease could be reverted by adding less purified material to the purified fraction. Additionally, RNase E was found to cosediment with a high molecular weight cell membrane fraction (7) . Recently , it has been shown that RNase E forms a large complex in vivo with polynucleotide phosphorylase, a 3' exoribonuclease, and other proteins (8, 9) and that polynucleotide phosphorylase interacts functionally with RNase E to affect its activity (10) . Additionally, GroEL, a chaperonin and heat shock protein, has been reported to copurify with an RNase E-like activity (11) .
Here we describe the identification of, in addition to polynucleotide phosphorylase, several other proteins from an RNase E-containing multicomponent complex purified from E. coli by antibody-agarose column chromatography of the epitopetagged Rne protein. Moreover, we show that the stoichiometry of proteins in the complex is altered by a temperature-sensitive mutation in RNase E.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 (13) . Briefly, cells containing the two plasmids were grown exponentially at 30°C in 500 ml of LB medium (17) (18, 19 (15) .
To identify proteins complexed with RNase E, the plasmids pRE196 and pRE205, which express the FLAG-Rne or FLAG-Rne (me-3071) fusion proteins, respectively, were constructed. Fig. 1A presents the nucleotide and amino acid sequences in part of the FLAG-Rne fusion protein. Fig. 1B shows a Coomassie blue-stained Western blot of proteins eluted from the affinity column by competition with the FLAG peptide (250 ,Lg/ml) and separated by SDS/PAGE. It can be seen that multiple other proteins are associated with both the wild-type Rne and Rne encoded by the gene carrying the rne-3071 mutation. These FLAG-Rne-associated proteins were not removed by buffer containing high salt (750 mM NaCl), detergents (1% Triton X-100/1% Tween-20), or 0.5 M urea. In addition, in a control experiment, we detected some proteins bound to the column from a host cell extract that lacked the FLAG fusion protein, but the mobility of these proteins was different from the mobility of proteins associated with the FLAG-Rne fusion protein (Fig. 1D) . In addition to the 180-kDa fusion protein, Western blot analysis (Fig. 1C) showed other faint bands recognized by the anti-FLAG monoclonal antibody. These proteins may be FLAG-tagged proteolytic products, as RNase E is highly sensitive to proteolysis (9 (8, 9) , forms a major band in the preparation isolated from cells expressing Rne from pRE196 (Fig. 1B, band 5 ). In addition to polynucleotide phosphorylase, DnaK (26), rhlB RNA helicase (27), and enolase (M. Klein and R. Freudl, data deposited in GenBank, accession no. X82400) were found in this complex (Fig. 1B,  bands 6, 8, and 9 ). The N-terminal ends of proteins isolated from bands 2, 3, and 4 could not be sequenced, possibly because of N-terminal blockage. Band (Fig. 1C) In addition to containing Rne and other copurified proteins, the fraction eluted from anti-FLAG gel column with the FLAG oligopeptide contained cellular RNA (Fig. 1E ) that, however, was not found in a corresponding fraction from a control experiment lacking the FLAG-Rne peptide (Fig. 1E , lane C). To determine whether the formation of the complex is dependent on this RNA, we prepared affinity-purified proteins from cell extract treated with micrococcal nuclease to digest the RNA component. As seen in Fig. 1D (22) ; s, substrate (RNA I) alone. To determine heat sensitivity, Rne preparations were preincubated at 43°C for 20 min (heat treatment). Reaction mixtures were incubated at 30°C for 1 or 6 min as indicated. The preparation of RNA I was described (24). pRNAI-5 is 5 nt shorter at the 5' end of RNA I and is the cleavage product generated by RNase E (23).
sensitive RNase E) RNA helicase can alter the RNase E activity of the complex.
Another heat shock protein, DnaK, was specifically found as a component of our FLAG-Rne complex. DnaK is involved in many cellular activities including the heat shock response (for reviews, see refs. 32 and 33), and DnaK, DnaJ, and GrpE are key modulators of the heat shock regulon via o32 (33) . It also has been reported that purified DnaK and DnaJ proteins form a stable complex with o32 transcription factor in the presence of ATP; such an association prevents o32 from binding to RNA polymerase (34) and shuts off the heat-shock-mediated gene expression. This process would be more complete if RNase E degrades the remaining mRNA. It has been proposed that failure of DnaK to promote protein folding may specifically mark a protein for rapid degradation (35) . In contrast to DnaK, polynucleotide phosphorylase is a cold shock protein (for review, see ref. 36 ). The association of both heat shock and cold shock proteins with RNase E raises the possibility that these proteins are involved in folding of this very large complex in response to changes in the environment.
Finally, enolase is an essential glycolytic enzyme that catalyzes the conversion of 2-phosphoglycerate to phosphoenolpyruvate. Mutation in the eno gene transforms the facultative anaerobe E. coli into an obligate aerobe (37) . A possible functional significance of the association of this enzyme to RNase E is not apparent.
